between the species in solution and the species in the ideal gas phase; T is the absolute temperature in K. T = 298.15 K for all the quantities discussed in this work.
The enthalpy, entropy and Gibbs free energy of formation refer instead to the formation of the species of interest (in our case either aqueous electrolyte, gaseous ions or crystalline salt) from the constituent elements in their respective standard states.
The absolute standard molar enthalpy of solvation of a salt ∆ abs. soln. H − • is the change in enthalpy when one mole of gaseous ions are dissolved in an infinitely large quantity of solvent. It is calculated as the sum of the ∆ abs. soln. H − • of the constituent ions and is referred to as "absolute enthalpy of solvation" in the present work for brevity.
The standard molar enthalpy of dissolution of the crystalline salt ∆ soln. H − • is calculated as the difference between the standard molar enthalpy of formation of the infinitely dilute aqueous electrolyte ∆ f H − • and the standard molar enthalpy of formation of the pure electrolyte ∆ f H − • (which in this case refers to crystalline salts, as none of the salts considered are gaseous or liquid in standard conditions). It is referred to as "enthalpy of dissolution" in this work for brevity.
Analogous definitions stand for the absolute standard molar Gibbs free energy of solvation of a salt ∆ abs. soln. G − • and the standard molar Gibbs free energy of dissolution of the crystalline salt ∆ soln. G − • .
These two quantities are represented on the axes of the "classic" volcano plots.
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Calculations
The solvation energies of electrolytes in non-aqueous solvents were obtained in two passages.
Firstly, the energies of hydration of the crystalline electrolytes were obtained as the difference of the hydration energies of the ions composing the electrolyte minus the energy of formation of the crystalline electrolyte. Figure S1 illustrates the relationship between the different states and relative solvation energies.
These thermodynamic data are tabulated in the NBS tables.
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Secondly, the solvation energies of the electrolytes in non-aqueous solvents were calculated by adding to ∆ hydr H − • (MX, cr) the energy of transfer to the non-aqueous solvent of interest "slv":
The energies of transfer were taken from Marcus.
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The ionic radii of ions (for ions in water) were taken from Marcus. S3 The ab-initio radii have been calculated by Parsons and Ninham.
S4
The osmotic and activity coefficients of electrolytes have been calculated by the authors using a collection of the available data in the literature. The authors will gladly share the database they collected upon request. Plots of the activity coefficient dependence on concentration for electrolytes in different solvents are shown in Figures S2 to S4.
The solubility of electrolytes in water and non-aqueous solvents are a collection from the current literature and the authors will gladly share the collection upon request. 
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Figure S16: Salts containing polyatomic anions. Gibbs free energy of dissolution versus the difference in the absolute Gibbs free energies of solvation of the constituent ions for a range of solvents. Coloured lines are drawn to help identify the cation trends. 
Figure S18: Salts containing polyatomic anions. Gibbs free energy of dissolution versus the difference of the radii of the constituent ions for a range of solvents. Coloured lines are drawn to help identify the cation trends. 
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